For investors, Exchange-Traded Funds (ETFs) are securities structured as portfolios that replicate financial market indexes, but with the facility of being traded as stocks. The aim of the study was to analyze the risk exposure of Brazilian ETFs, compared to the Ibovespa index and the corresponding BMFBovespa indexes. For the present analysis the methodology of Value-at-Risk (VaR) at 5% was used, with historical simulation, coupled with the Expected Shortfall (ES) methodology, also at 5%. Next, the Unplanned Divergence (DnP) was used as a tracking error mechanism . The Monte Carlo simulation for replication of the verified values was also used, considering the previous profitability measures. The results presented the frequency distributions for the losses, and those lower than the VaR, which characterizes the expectation of loss measured by the ES. All ETFs presented losses and exposure to risk greater than those observed for the Ibovespa benchmark and its respective benchmark indexes.
This risk analysis developed by the research aims at contributing to the execution of studies about ETF funds, given the trading expansion of the shares of these funds in the variable income market in Brazil, as well as the growing offer of new negotiable funds each year. It is worth mentioning that this article initially provides a presentation of the ETF funds, emphasizes the VaR and ES risk analysis techniques, and the conjugation with the DnP, presents the methodology developed by the study, and discusses the results and their considerations.
THE ETF FUNDS
Created in the United States in 1989, and introduced in the North-American market in 1992, the Exchange-Traded Funds showed rapid growth, reaching the mark of 2.5% in 2001 of the resources invested in mutual stock funds in the United States (POTERBA; SHOVEN, 2004) . According to Dellva (2001) , the number of ETFs traded on the American Stock Exchange (AMEX) doubles every year, and with future predictions of annual growth between 30% and 50%. At the end of 2011, there were more than 3,000 ETFs, representing more than USD 1.351 billion in assets under administration, offered by 155 sponsors and marketed in more than 40 stock exchanges around the world (BLACKROCK, 2011) .
However, being a relatively new financial product, there are few studies on ETFs, including in the North American market (DEVILLE, 2008; JARES; LAVIN, 2004) . In 1996, Morgan Stanley, AMEX, and Barclays Global Investment, jointly created the World Equity Benchmarks (WEBS), similar to the OPALS, however traded on the AMEX and organized as a mutual fund. In 2000, the WEBS became known as iShares MSCI (DEVILLE, 2008) . Vitória, v. 11, n. 4, Art. 4, p. 84 -106, jul.-aug. 2014 www.bbronline.com.br
THE ETF TRADING MECHANISM
Traded in a similar manner to stock, the ETFs are a weighted group of different stock that mirrors the composition of an index. The composition of an ETF is based on the purchase of a portfolio of stock by an authorized financial institution with the consequent receipt of ETF quotas, which are then sold to other investors. In other words, the investor buys a stock portfolio, which, according to BOVESPA (2008) , decreases the probability and the risk of loss. This negotiation takes place through brokers, and, following the example of stock trading, investors can buy bonds and sell short. In addition to this possibility, intraday trading causes the ETFs to significantly differ from the mutual fund market.
According to Poterba and Shoven (2004) , these differences cause mutual funds and
ETFs to be suitable investments for different investor profiles. The first ones, intended for investors who conduct many small value negotiations and do not ascribe much value to liquidity. The second one, for investors who desire short-term liquidity and perform large quantity negotiations.
On the other hand, Gastineau (2004) argues that ETFs and indexed mutual funds are competing products, being good substitutes for each other, despite the fact that the ETF presents greater tax simplification. In addition to this, it is mentioned that ETFs have lower administration rates compared to traditional mutual funds (BOVESPA, 2008) . However, the trading of ETFs involves brokerage fees that do not exist in mutual funds.
It should be noted that the prices of ETFs may be different from prices of the sums of assets that make up the index, called the net asset value (NAV), or book value. Although this difference exists, it is constrained by the capacity of the authorized financial institutions to create and redeem the bonds. If the value of the ETF is well above the NAV, the financial institutions can buy the securities at lower prices and make new issuance of ETFs. If the ETF is lower in price in relation to the shares, the same institutions may purchase ETFs and redeem them in order to purchase securities (POTERBA; SHOVEN, 2002).
According to the BM&FBOVESPA (2008), the trading price of an ETF responds to pressures in supply and demand of these securities, which will also reflect the stock market conditions that comprise the fund portfolio, in addition to Brazil's economic situation, as well as the general expectations of investors. According to Blackrock (2010) , the IOPV represents the estimated intraday value of an ETF, based on the latest negotiated values of the underlying assets traded to the portfolio represented by the title. The values are then weighted according to the constitution of the index.
Another indicator used for the evaluation of the ETF is its Net Asset Value (NAV,
Valor Líquido de Ativos, or book value). Calculated in a manner similar to the evaluation of mutual fund shares, the NAV is obtained by the total assets minus their debts.
ETFS IN BRAZIL
The market regulation of ETFs in Brazil occurred with the publication of CVM Resolution nº 359, of January 2002, which defined the ETFs as a "pool of resources for the application in bond and security portfolio that seeks to reflect the variations and the return of a benchmark index, for an unspecified period" for specific market indexes acknowledged by the CVM, to which the fund's investment policy is related.
For the ownership structure of the fund, Brazilian legislation establishes that the right to vote in general shareholder meetings of the companies that comprise the ETF must be established by the fund. In case of the exercise of voting rights by the administrator, the vote must be justified to CVM, if so requested. In case of interest of exercise by the shareholder, the administrator must provide for the loan of the shares required to vote. It should be noted that funds cannot also have holders of more than 49% of the quotas of the fund.
The resolution also stipulates that the liquidity of the security can be fostered by the stock exchange or by an organized over-the-counter market entity, according to the legislation in force, by means of market makers for the quotas of the fund. In this case, the market makers should be disclosed together with the fund's information.
Academic studies of the Brazilian market ETFs are relatively recent. Farias (2009) found no increases in liquidity in the Ibovespa, given the influence of the PIBB11 ETF. Yang
and Wang (2010) tested the predictability of returns of 18 international ETFs, among them a Brazilian ETF, and concluded that there is no possibility of gains in daily forecasts. Maluf (2011) did not find a real winning strategy by arbitration between the fundamental value and the negotiated value of the ETF when the effects of data-snooping were not considered.
Aragão (2011) studied the effectiveness of pricing and the errors of adherence of ETFs, finding that for certain ETFs, the premiums/discounts can be considerable. 
INVESTMENT RISK ANALYSIS
According to Beckers (1998) , the idea of risk can be understood as the influence of factors on the variation of prices, returns on assets and behaviour of portfolios. This risk may manifest itself as a result of systematic aspects related to the market in which the investments are inserted, so as to constitute a difficult situation for the "development of diversifications".
In addition, the risk may be related to non-systematic characteristics, that is, linked to investment alternatives, which may be the object of managerial strategies intended for its reduction by means of efficient portfolios.
According to Duarte Junior (2005) , the management of an investment risk involves three important concepts related to the financial market: return, risk and uncertainty. The concept of return can be considered as the capital appreciation at the end of the investment horizon. However, there are uncertainties associated with the return that will be effectively obtained at the end of the investment period, and accordingly, any numerical measure of the uncertainty can be called a risk.
In order to measure the risks of an investment, Jorion (2003) presents the technique of Value at Risk (VaR) that, based on a frequency distribution for the profitability of an investment or asset portfolio, produces the probability of loss and its impact for the investor.
Thus, financial institutions structure provisions for assets exposed to losses arising from fluctuations in the financial market.
However, Artzner et al. (1997 Artzner et al. ( , 1999 point out mathematical properties that must be observed in the quantitative risk measurement techniques and, with the use of historical simulation, the calculated VaR does not meet the subadditivity property. This result from the fact that, in the case of the historical VaR, it would be necessary for the sum of the assets' risk measurements considered individually to be greater than or equal to the measurement of risk of the investment portfolio. Given this deficiency of the VaR, Acerbi and Tasche (2002) suggest the technique called Expected Shortfall (ES), which considers the effects of results that were lower than those indicated in the VaR.
THE VALUE AT RISK (VAR)
In the words of Jorion (2003, p. 246) , the VaR is "the maximum loss in a particular
horizon, in such a way that there is a pre-specified probability that current loss will be greater". Jorion (2003) formalizes the VaR as the measurement of a loss in the investments, defined by c:
Where:
x is a specific value for the investment;
f(x) is the continuous function of probability distribution.
According to the author, the VaR calculation of an investment or a portfolio can be developed with the assessment of factors specified in the analysis, so that the impact of each variable and also of the relationship between these variables in the volatility of the return of the investment are verified. Thus, the variation of terms specified in the analysis of factors that influence the returns of an investment is applied to determine possible losses in the application.
COHERENT RISK MEASUREMENT PROPERTIES
According to Artzner et al. (1997; 1999) , considering a set V of random variables, the function r :V ® R can be defined as a coherent measure of risk, in case it has the following properties: 
there is a constant term in the independent variable, it can be removed, since it does not constitute a risk factor, as it does not provide variation.
The calculation of the VaR of an investment can be developed by means of (i) historical simulation (ii) analytical methodology and/or (iii) Monte Carlo simulation-SMC. However, with the use of historical simulation, the calculated VaR does not satisfy the property of subadditivity, since it would be necessary that the sum of the measurements of risks of the assets considered individually be greater than or equal to the measurement of risk of the investment portfolio. Due to this, it is worth verifying which is the impact of the use of the Expected Shortfall (ES) in relation to the VaR, since this is a measurement of risk that meets the mathematical properties highlighted by Artzner et al. (1997; 1999) .
THE EXPECTED SHORTFALL (ES)
According to Acerbi and Tasche (2002) , if X is the loss of return of a portfolio at a specific time on the horizon of time T and a Î(0,1) is the level of confidence. The small drop expected to α probability or the Expected Shortfall of portfolio is defined as:
where:
X is the series of returns of the analyzed time interval; I{condition} , the conditioned function, which will be 1 if the condition between the brackets is found and 0, otherwise;
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x (a ) , the upper α quantile, which is defined below; a , the confidence level; and
], the probability of the X-values being less than or equal to the upper a quantile.
The upper α quantile is the smallest among all returns with accumulated frequency greater than α, that is, the infimum of the set formed by the returns with accumulated frequency greater than α:
As highlighted out by Silva et al. (2005) , the ES can be defined as the average of the worst α % returns of time interval of the analyzed investment, i.e. by the ES, all returns less than or equal to the upper α quantile should be selected; limit the weight associated with the upper α quantile, until the accumulated weight does not exceed the limit defined by the level of confidence α. Therefore, the ES is obtained by the average symmetric of these weighted returns.
For continuous probability functions, the ES can be defined as:
] is the distribution function related to the probability of the X values being less than or equal to the upper α quantile; α , the probability used in the calculation of the ES; and p , the variable to be included in the function, with limits 0 and α.
In another manner, the ES can be obtained by means of the following specification [Acerbi and Tasche (2002) ]: (a ) ]/a}³ 1 , the ratio between the distribution function related to the probability of the X-values being less than or equal to the upper α quantile and the α itself;
and
} , the conditional expectation for values of X being less than or equal to the upper α quantile, or the 'tail conditional expectation' (Artzner et al., 1997 ).
Zhu and Galbraith (2011) emphasize the effect of the VaR loss that can be estimated through the ES due to possible imbalances in the distribution of returns of an investment.
Because the application of the ES incorporates the effect of the extreme values in the evaluation of exposure to losses of a portfolio.
The use of ES in risk assessment is highlighted by So and Wong (2010) , as well as by Hoogerheide and van Dijk (2010) , in measuring the regulatory capital required for exposure to losses. These authors suggest the application of this risk analysis technique to establish adequate provisions in financial institutions.
UNPLANNED DIVERGENCE
The DnP risk measurement, according to Pena (2005) , consists of a technique that evaluates a deviation registered in the performance of investments in relation to the goal of profitability or the indexer stipulated to a fund or investment asset -as in the case of this study, ETF funds. Such application of tracking error techniques for the evaluation of ETF funds is suggested by Rompotis (2011) .
The calculation using this technique starts with the difference between the profitability of the investments in relation to a performance benchmark such as, in the context of this study, the profitability of the Ibovespa index, a factor that consolidates it as a measure of risk based on tracking error techniques. The DnP is obtained by the difference between the return on investments and the benchmark:
r t is the return of the fund in moment t; and (1997, 1999) highlight. In other words, the net returns on investments in relation to a performance goal, according to Rockafellar et al. (2003) , represent a consistent measure of deviation.
THE METHOD

STEP-BY-STEP TECHNIQUE
The development of the assessment of exposure to losses of the main ETF funds traded on the BM&FBovespa using VaR and ES, followed the routine of scenario analysis highlighted by Riskmetrics, which involved a historical approach and Monte Carlo simulation. Risk assessments followed the following steps: Data used in the development of the simulations refer to dates between the start of the activities of each fund and 29/08/2013. The choice for use of all of the observations of each index, in detriment of the selection of a specific period is due to the maximum possible approach of the quantity of funds in the period under review. Thus, other approaches that comprise predetermined periods would omit the existence of a fund.
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RESULTS
The results were divided into two groups: the first one discusses the comparison of ETFs with the Ibovespa (5.1), and the second one refers to the comparison of ETFs with their corresponding indexers (5.2). These two groups were further subdivided into two other topics concerning the historical analysis and the simulation analysis, respectively.
COMPARISON OF THE ETFS WITH THE IBOVESPA
Analysis of Historical ETFs Data against Ibovespa
This block presents the results of the risk analysis for the Ibovespa market benchmark, since this is the main indicator of the evolution of prices of the Brazilian stock market. In addition, ETFs are considered as an alternative investment designed to reduce exposure to risks that the agents could be exposed to through an isolated investment in an share or on the broad market. Thus, an ETF can provide the investor with the performance of a specific sector of the Stock Exchange, distinguishing the ETFs from other investment alternatives that exist on the capital market. Apparently, there would be no problem with the low liquidity of the funds quotas, since during the days when there is no trading, the quotas can be bought back at book value.
However, according to the results of Aragão (2011) , certain funds may be negotiated with premiums or discounts in relation to the book value, by which the risk in these cases would be far greater. Observing the average, in general, the funds had a positive average daily return since they were created. The following funds did not follow the rule: XBOV11, MOBI11, UTIP11, and MATB11. The higher returns were obtained by PIBB11 and MILA11 funds, whereas the UTIP11 presented the sharpest loss. Using the variation coefficient, the fund with most risk was FIND11. Table 3 .
With the VaR at 5%, it was noticed that the greatest exposure to risk was observed in ETFs MOB11 and PIBB11, whereas the smallest exposure was of DIVO11 and CSMO11.
However, when considering an opportunity cost, in this case the one indicated by the Ibovespa benchmark, the PIBB11 presented the worst relative performance. The best performance with opportunity cost was presented by CSMO11. For the VaR of the DnP, the largest loss of value can be attributed to MOBI11 and FIND11 ETFs, and the smallest loss of value to BOVA11. For the ES, the greatest exposure was observed for the PIBB11 fund (-4.6%), possibly influenced by the longest period of existence, with less exposure being observed for the DIVO11 fund (-2.3%). When analyzed against the Ibovespa benchmark, the PIBB11 continues to present the largest loss of value (-4.2%), and the smallest was presented by the ISUS11 fund (-2.8%). On the other hand, for the ES of the DnP, the largest loss of value was found in the UTIP11 fund (-4.2) and the lowest average loss was found in the BOVA11 fund (-1).
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It should be pointed out that the estimates of exposure presented in Table 3 may be underestimated for the funds with lower share liquidity, if the investor needs to redeem the shares with the administrator.
Monte Carlo Simulation Analysis
The descriptive statistics of the daily returns of each of the funds, as presented in Table   2 , were the basis for the realization of Monte Carlo Simulations and the application of the risk measurement VaR and ES techniques to the daily variation simulated for ETFs. These The simulations of the VaR 5% of returns, VaR 5% of the DnP, ES 5% of the return, and ES 5% of the DnP are presented in Table 5 . 
ANALYSIS AGAINST THE RESPECTIVE INDEXERS OF THE ETFS
An ETF should provide a performance befitting the results verified for its corresponding stock market benchmark index. Thus, the research assessed the results of ETFs surveyed against each specific benchmark, based on the results obtained from past data and by means of Monte Carlo Simulations.
Analysis of ETF Historical Data Against the Indexer
The results verified in the samples of daily performances of ETFs against their respective indexers showed that the funds presented losses greater than those observed in the benchmarks, which can be verified by comparing the exposure of the ETF indicated in the VaR with that of the index. In addition, the expectation of loss of the funds was greater than that verified by the specific references.
Thus, as can be seen in 
Analysis Through Simulations
In addition to the analysis of the results based on past performances, 10,000 simulations obtained with Monte Carlo based on parameters of each fund and on the benchmark index were conducted. The results for the simulations are laid out in Table 7 .
The simulations confirmed the results verified in the historical data, i.e., the ETF funds presented exposures to losses greater than those recorded for their referential indexes. This divergence in performance was noted by both the VaR at 5%, and the expectation of loss given by the average of the 5% worst performances indicated by the ES. 
FINAL CONSIDERATIONS
For most results, it was observed that ETFs suffered losses in relation to the Ibovespa index, as well as in relation to their respective benchmarks. This difference can be explained by the difficulties faced by the managers to properly replicate the indexers. This aspect can, therefore, suggest the existence of opportunities for arbitrage in the market, given the divergence between the negotiated values of the indexes and the ETFs. With this, this study contributes with the evaluation of the divergence in relation to the indexer in the market of Brazilian ETFs.
Moreover, another aspect seen in this study is that the ES is an indicator that allows for the quantification of greater or lesser exposure to risk than that seen in the VaR, in financial indexes, specifically in ETFs. This difference in risk measured by the techniques results from the incorporation of results below the percentile adopted for calculation of the VaR. This increase in value measured for the exposure to risks of an investment resulting from the adoption of the ES by a financial institution entails the need to adjust of reserves for losses.
This implies in a greater financial expenditure to incorporate the trend of losses of an investment with the occurrence of results below the VaR.
However, when using the ES, the financial institution may transfer greater security to market agents regarding its financial applications, which affects the soundness of this organization. Such security comes from the adjustment in the financial provisions that now consider the expectation of loss in investments when overcoming the VaR, thus tending to incorporate the financial impact of negative results in the investments.
For future studies, the specific analysis of the behavior of indexes of the financial sector in different markets is suggested, equally or more developed than the Brazilian market, in order to verify if the conclusions reached in this study are, in fact, either a characteristic or inherent to the market sector in which the institutions operate. Another possibility is the investigation of markets, emergent or not, that have larger amounts of ETFs, as well as the analysis of high frequency data on the Brazilian ETFs, or even the revalidation of the results found herein after a period of greater duration of ETFs in the Brazilian market. In order to complement this and other works about index funds traded in Brazil, a comparative analysis between different ETFs is also suggested, with a uniform timeframe for the sample. 
